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Although agricultural production has also increased substantially, more than half of the 
world's population has an insufficient and nutritionally unbalanced diet (FAO, 2003). In 
the face of nutritional inadequacies resulting from ever increasing population of the 
developing countries there is need to explore the aquatic resources. Fish and other forms 
of aquatic food can be used to provide balance diet and reduce the protein gap. Fish form 
a rich source of food for man and an excellent source of protein with balanced amount of 
amino acids. The biological value, protein efficiency ratio, indices of the amino acid 
profile and ability to support growth, are higher for fish than for beef, pork, chicken and 
milk proteins (Sabry, 1990). It is a good source of polyunsaturated fatty acids (PUFA), 
which are part of the structural component of cell membranes and are necessary for the 
formation of eicosanoids which assist in blood pressure regulation, blood clot formation, 
maintenance of blood lipid levels, and assist in the body's immune response (Whitney 
and Rolfes, 1996), It also provides essential minerals such as Calcium, Magnesium, 
Potassium, Sodium, Iodine, Phosphorus, and Vitamins A, B and D. In addition to serving 
as an important item of food, it provides several impdant bye-products like fish liver 
oil, fish body oil, fish manure, guano, fish silage, fish glue. Isinglass, fish leather, fish 
sausage, soup, fish flour, biscuits and artificial pearls. It prevents several nutritional 
deficiencies (Halver, 2002). Fish is not only a vital food, it is also the source of work and 
money for millions of people around the globe. 
It has been estimated that over one million people rely on fish as their primary 
source of protein and some 120 million people are employed in fishery related job 
worldwide (FAO, 2006). The quantum of fish currently exploited by capture methods 
from our natural water bodies is inadequate to meet the demand of the ever-increasing 
population and to combat malnutrition. India needs more than 10 million tonnes offish 
per year, but our present production through inland and marine waters is only about 6.57 
millions tonnes. By 2030 an additional 37 million tonnes offish per year will be needed 
to maintain current levels of fish consumption for an expanded world population (FTI, 
2006). Because traditional capture fisheries have rea''hed their maximum production 
levels (Mc-Dowail, 1998), there is need to tap additional sources of supply and mobilize 
the water resources. Alternative venture to offer protein rich-food and income is 
aquaculture, by which fish production could be increased (FAO, 2007). 
Aquaculture is the fastest growing food production sector globally and has 
established as a high protein resource to fulfill the food demand (Rao, 2008). In many 
third world countries, aquaculture remains as an economically important business sector 
earning a lot of foreign exchange for the economic stability of the country. In India too 
aquaculture can play a vital role for the national development. India has an impressive 
array of aquatic resources with 7000 km of coastline, 2.02 million km^ of EEZ, about 2 
million ha of potential brackish water culture areas, 2.05 million ha of reservoirs, 2,254 
million ha of freshwater ponds and 1,3 million ha of oxbow lakes and derelict waters 
(FAO, 2001"). About 1.6 million ha of cultivable water spread is available in the form of 
ponds and lakes, of which only 38% is utilized for semi-scientific fish production. Total 
yield from aquaculture was around 3 million tons during 2005-2006, while the estimated 
potential was 10 million tones. This indicates ihe scope for the development of this 
industry beyond comparison. 
Like more traditional forms of agriculture the goal of aquaculture is to maximize 
production at a minimal cost to maintain a profit margin (FTI, 2006). One of the major 
constraints in aquaculture is the unavailability of nutritionally balanced feeds. Feed is 
one of the highest cost factors in the operation of an aquaculture enterprise (D'Abramo 
and Sheen, 1996; Chamberlain, 1996), reaching in many cases, up to 50% of total 
expenses (Akiyama and Chwang, 1989; Han et al., 2004; Abimorad and Cameiro, 2007; 
Martins et al., 2007). To express their maximum growth potential, animals require 
balanced diet that meet their nutritional needs at each stage of development (Sa et al., 
2006). A balanced diet containing proper amounts of protein, lipids, carbohydrates, fiber, 
minerals and vitamins is essential. The percentage requirements of these components 
vary from species to species and are also age-specific within the same species. Therefore, 
knowledge on nutrition and practical feeding of fish is essential to successful 
aquaculture. Practical diets for fish are formulated to contain all nutrients and sufficient 
energy for satisfactory growth and proper health. 
Fish require three macronutrients, protein, fat and carbohydrate, along with many 
substances and elements classified as micronutrients. Among the micronutrient, vitamins 
act as cofactors or substances in some metabolic reactions. They are required by fish for 
regulating body functions. Vitamins are organic compounds present in natural feedstuffs 
but are distinctly different from carbohydrates, fats, proteins, minerals and water. They 
are required in minute quantities for growth, health, proper body metabolism and normal 
physiological functions of all living beings (Marchetti et al., 1999; Sau and Paul, 2004; 
Shiau and Lin, 2006). Most of them are not synthesized by fish and, therefore, must be 
supplied in the diet. Vitamins are a mixed group of compounds that are not closely 
related to each other chemically and it has become practice to divide the vitamins into 
two groups on the basis of their solubility characteristics: lipid-soluble vitamins and 
water-soluble vitamins. Eleven water-soluble and four lipid-soluble vitamins are known 
to be required by fish (Halver, 1989; Wilson, 1991; NRC, 1993). Eight of the water-
soluble vitamins, the B complex such as thiamine, n'^ oflavin, pyridoxlne, pantothenic 
acid, biotin, niacin, folic acid and cyanocobalamine have coenzyme functions and are 
required in small quantities. These water-soluble vitamins play important role in several 
metabolic activities. Thiamine is essential for good appetite, normal digestion, growth, 
fertility and needed for the normal functioning of the nervous tissue. Riboflavin helps in 
the respiration of poorly vascularized tissues such as cornea of the eye. Pyridoxine is 
involved in fat and protein metabolism. Pantothenic acid plays an important role in 
adrenal function and for the production of cholesterol. Biotin is required in several 
specific carboxylation and decarboxylation reactions. Niacin has major function in NAD 
and NADP and is involved in hydrogen transport in intermediary metabolism. Folic acid 
is essential for normal blood cell formation. Cyanocobalamine is involved in 
haemopoiesis with folic acid and required by many micro-organisms as growth factor for 
several animals including fish. The other water-soluble vitamins namely ascorbic acid, 
myo-inositol and choline are required in larger amounts. These compounds are 
sometimes referred to as the macro vitamins and have functions other than coenzymes 
(Pillay, 1980; Jobling, 2001; Sau and Paul, 2004). These macro vitamins perform 
different types of functions like ascorbic acid acts as biological reducing agents in 
hydrogen transport. Myo-inositol is a structural component in living tissues and is a 
reserve carbohydrate in muscle as well as a major component of phosphoglycerides in 
animal tissues and choline acts as a methyl donor in trans-methylation reactions. 
The fat-soluble vitamins include vitamin A, D, E and K. Vitamin A is essential in 
maintaining epithelial cells and preventing atrophy and keratinization of epithelial 
tissues. Vitamin D is required to maintain calcium and inorganic phosphate homeostasis. 
Vitamin E acts as an extra and intracellular antioxidant to maintain homeostasis and 
vitamin K is involved in the hepatic synthesis of blood clotting proteins. Each of fat-
soluble vitamins occurs in different chemical forms and have diverse physiological 
activities. These are absorbed in the intestine of animals along with dietary fats; 
therefore, conditions favourable for fat absorption also enhance the absorption of fat-
soluble vitamins. The animals store these if dietary intake exceeds metabolic needs (Sau 
and Paul, 2004). 
Ideally, water-soluble vitamins are added to a diet via a vitamin concentrate 
premix. However, fat-soluble vitamins are added through the fat. The levels of each 
vitamin in a premix should be higher than the required level due to decomposition of 
vitamins during premixing, feed processing and storage, presence of antinutritional 
factors (Fenster, 1995). Vitamins exist in excess in the feeds both from the natural 
content in the raw materials and from vitamin supplementation. It is, however, well 
documented that levels of micronutrients in the raw materials are highly variable and that 
requirements might be affected by fish size, age, growth rates and health, environmental 
factors and nutrient interactions (NRC, 1993). Supplementation of vitamin in feeds is 
indispensable to ensure that farmed animals receive an adequate and balanced supply of 
these micronutrients, essential for optimal performance. 
A vitamin test diet containing crystalline vitamins, casein, dextrin, and oils, with 
crab meal or dried liver as the source of the antianemic factor was developed (McLaren 
et al., 1947). This test diet was improved by lowering the protein content and used for 
short-term feeding studies with coho salmon and sockeye salmon (Halver, 1966) and 
long-term feeding studies for rainbow trout (Halver, 1970). These pioneer fish 
nutritionists were able to report tentative qualitative and quantitative requirements offish 
for thiamine, riboflavin, pyridoxine, pantothenic acid, inositol, biotin, folic acid, choline 
and niacin. 
The quantitative vitamin requirements have been worked out for many fish 
species including common carp, Cyprinus carpio (Aoe and Masuda, 1967; Aoe et al., 
1957abc. ,9gg. jc)g9. coustans et al., 1998; Yang et al., 2008); Japanese eels, Anguilla 
jcponica (Arai et al., 1972; Hashimoto et al., 1970); channel catfish, Ictalunis punctatus 
(Andrews and Murai, 1974; 1978; 1979; Robinson and Lovell, 1978; Andrews et al., 
1980; Wilson et al., 1983; 1984; 1989; Wilson and Poe, 1988; Liu et al., 1989; Serrini et 
al., 1996; Ng et al., 1997; Gaylord et al., 1998; Yildirim-Aksoy et al., 2008); rainbow 
trout, Salmo gairdnerii (Hilton et al., 1978; Bamett et al., 1982*"'; Woodward and Frigg, 
1989; Amezaga and Knox, 1990; Rumsey, 1991; Woodward, 1994; Canyurt and Akhan, 
2008); gilthead seabream, Sparus aurata (Kissil et al., 1981; Morris and Davies, 1995); 
Atlantic salmon, Salmo salar (Herman, 1985; Maeland et al., 1998; Andersen et al., 
1998; Waagbo et al., 1998); Nile tilapia, Oreochromis niloticus (Solinian et al., 1986; 
1994; Peres et a ., 2004); white sturgeon, Acipemer transmontamts (Hung, 1989); 
common white fish, Coregonus lavaretus (Dabrowski, 1990); blue tilapia, O. aureus 
(Soliman and Wilson, 1992*''); grass shrimp, Penaeus monodon (Shiau and Lung,1993; 
Shiau and Liu, 1994; Shiau and Hsu, 1994; Shiau and Suen, 1994; Hsu and Shiau, 1998; 
Shiau and Chin, 1998; Shiau and Hsu, 1999; Shiau and Chen, 2000; Shiau and Huang, 
2001"; Shiau and Wu, 2003; Shiau and Su, 2004j; turbot, Scophthalmus maximus 
(Cowey et al., 1975; Merchie et al.,1996); cod, Gadus morhua (Madsen and Lie, 1997); 
juvenile shrimp, P. japonicus (Giri et al., 1997); barramundi, Lates calcarifer 
(Phromkunthong et al., 1997); North African catfish, Clarias gariepims (Morris et 
al.,1998; Gbadamosi et al., 2006); korean rockfish, Sebastes schlegeli (Lee et al.,1998; 
Bai and Lee, 1998); abalone, Haliotis tuberculata and H. discus hannai (Mai, 1998; Zhu 
et al., 2002; Mai et al., 2007); hybrid tilapia, O. niloticus x O. aureus (Shiau and Chin, 
1999; Shiau and Huang, 2001*'; Shiau and Su, 2005; Hu et al., 2006); red hybrid tilapia. 
O. mossambicus x O. niloticus (Lim et al., 1995; Wang et al., 2006); red drum, 
Sciaenops ocellatus (Aguirre and Gatlin, 1999); hybrid Striped Bass, Morone chrysops 9 
X M. saxatilis S (Wendy et a!., 1999; Deng et al., 2002; Deng and Wilson, 2003); 
European seabass, Dicentrarchus labrax (Gatta et al., 2000); walking catfish, Clarias 
batrachus (Mishra and Mukhopadhyay, 1996; Mohamed et al., 2000); stinging catfish, 
Heteropneustes fossilis (Mohamed, 2001"''; Mohamed and Ibrahim, 2001); freshwater 
prawn, Macrobrachium rosenbergii (D'Abramo et al., 1994; Hari and Kurup, 2002; 
Ittoop et al., 2005); Atlantic halibut, Hippoglossus hippoglossus (Ruff et al., 2002; 2004; 
Moren et al., 2004; Lewis-McCrea et al., 2007); barred knife jaw, Oplegnathus fasciatus 
(Wang et al., 2003); pacific white shrimp, Litopenaeus vannamei (Lopez et al., 2003; Liu 
et al., 2007); greasy grouper, Epinephelus tauvina (Mohammad et al., 2003); Malabar 
grouper, E. malabaricus (Lin and Shiau, 2004; 2005^ ;*^ ; Hung and Yen, 2005); zebra fish, 
Brachydanio rerio and glow light tetra, Hemigrammus erthrozonus (Onal and Langdon, 
2004); mrigal, Cirrhinus mngala (Paul et al., 2004); rohu, Labeo rohita (Sau et al., 
2004; Misra et al., 2007); bastard halibut, Paralichthys olivaceus (Wang et al., 2002; 
Hernandez et al., 2005); kuruma shrimp, Marsupenaeus japonicus (Michael et al., 2005; 
Moe et al., 2005); ayu, Plecoglossus altivelis (Xie and Niu, 2006); yellow croaker, 
Pseudosciaena crocea (Ai et al., 2006); vundu, Heterobranchus longifilis (Ibiyo et al., 
2007); Japanese amberjack, Seriola quinqueradiata (Ren et al., 2008); amur sturgeon, 
Acipenser schrenckii (Wen et al., 2008). 
Among the water-soluble vitamins, proper supplementation of thiamine and 
pyridoxine is of paramount importance as they are most limiting factors and play very 
important role in physiology and metabolism (McCormick, 1996; 1997; Martin et al., 
2003; Chen et al., 2005). 
Thiamine (Bl) is an essential nutrient in the diet of humans and other animals 
(Ba et al., 2005; Hazell et al., 2003; Lonsdale, 2006; Martin et al., 2003). Thiamine 
pyrophosphate (TPP) is an active form of thiamine and it acts as an important coenzyme 
for transketolase and several other enzymes involved in the conversion of carbohydrate 
and fat into energy, including pyruvate dehydrogenase and a-ketoglutarate 
dehydrogenase, which are important in carbohydrate metabolism and intracellular redox 
homeostasis (Blair et al., 1999; Shangari et al., 2003). Dietary thiamine requirements of 
cultured fish species such as salmonoids (Halver, 2002), channel catfish, /. punctatus 
(Murai and Andrews, 1978); common carp, C. carpio (Aoe et al., 1969); juvenile shrimp, 
P.japonicus (Deshimaru and Kuroki, 1979); rainbow trout, S. gairdneri (Morito et al., 
1986); red hybric tilapia, O. mossambiciis x O. niloticus (Lim and Leamaster, 1991); 
grass shrimp, P. monodon (Chen et al., 1991); abalone, H. discus hannai (Zhu et al., 
2002) and orange-spotted grouper, E. coioides (Huang et al., 2007) have been reported. 
Vitamin B6, including pyridoxine (PN), pyridoxal (PL) and pyridoxamine (PM), 
is an essential nutrient required to maintain normal physiological functions of animals. It 
functions as the precursor of the coenzyme pyridoxal 5-phosphate and pyridoxinamine 5-
phosphate, which is required for more than hundred enzyme reactions. Among them, the 
most important is to act as the coenzyme of aminotransferase and decarboxylase in the 
reactions of amino acid and nitrogenous compounds (Leklem, 1996; Oiri et al., 1997; 
Mai et al., 2007). Several fish species including chinook salmon, 0. tshawytscha 
(Halver, 1957); coho salmon, O. kisutch (Coates and Halver, 1958); brook trout, 
Salvelinus fontinalis (Phillips and Livingston, 1965); common carp, C. carpio (Ogino, 
1965); Japanese amberjack, S. quinqueradiata (Sakaguchi et al., 1969); red seabream, 
Pagrus major (TaVeda and Yone, 1971); turbot, S. maximus (Adron et al., 1978); channel 
catfish, /. punctatus ((Dupree, 1966; Andrews and Murai, 1979); juvenile shrimp, P. 
japonicus (Deshimaru and Kuroki, 1979); gilthead seabream, S. auratus (Kissil et al., 
1981); red hybrid tilapia, O. mossambicus x O. niloticus (Lim et al., 1995); hybrid 
tilapia, O. niloticus x O. aureus (Shlau and Hsleh, 1997); stinging catfish, H. fossilis 
(Mohamed, 2001*'); barred knife jaw, O.fasciatus (Yasunorl et al., 2002); grass shrimp, 
P. monodon (Shlau and Wu, 2003); orange-spotted grouper, E. coioides (Huang et al., 
2005) and abalone, H. discus hannai (Mai et al., 2007) have been shown to require 
dietary pyridoxine for normal growth and haematopoiesls. 
In India, carps are considered to be most suitable for pond culture as they feed on 
plant material or zoo-and phytoplankton, decaying weeds and debris. They are resistant 
to relatively high turbidity and higher temperature. They have a fast growth rate, 
attaining marketable size in a short time (Khanna and Singh, 2003). Among the carps, 
the Indian major carps (IMCs), namely rohu (Labeo rohita), catla {Catla catla) and 
mrigal (Cirrhinus mrigald) are considered to be major aquaculture species in tropical 
countries, contributing about 97% of the total fresh water aquaculture production (FAO, 
2001*'). C. mrigala is used as the integral component in carp polyculture system in Asian 
countries, particularly India. It is the fast growing species among the three Indian major 
carps and highly preferred by consumer (FAO, 2000-2007). It grows to 1.8 kg, 2.6 kg 
and 4 kg by the end of first, second and third year, respectively. The fish becomes 
sexually mature when 2 years old, but Induced bred specimens are reported to become 
sexually mature in one year only (Khanna and Singh, 2003). 
Although protein, amino acids, lipid and energy requirements of fingerling C. 
mrigala have been quantified (Singh et al., 1987; 2008; Swamy et al., 1988; Mohanty et 
al., 1990; Das and Ray, 1991; De Silva and Gunasekera, 1991; Khan, 1991; Hassan and 
Jafri, 1996; Marimuthu and Sukumaran, 2001; Benakappa and Varghese, 2004; Ahmed 
et al., 2003; 2004; Ahmed and Khan, 2004"^ 2005; 2006), no information is available on 
the thiamine and pyridoxine requirement. 
The study was, therefore, undertatcen with a view to generate data on thiamine 
and pyridoxine requirement of C. mrigala and the findings are in the form of this 
dissertation. Data generated during this study would b.; useful for developing thiamine 
and pyridoxine balanced practical diets for intensive culture of this species. 
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Source of fish stock and their acclimatization 
Induced bred fry C. mrigala were procured from G. B. Pant University of Agriculture 
and Technology, Pantnagar. These were transported to the wet laboratory in oxygen 
filled polythene bags, given the prophylactic dip in KMn04 solution (1:3000), and 
stocked in rearing tanks (water volume 5000L) for a fortnight. During this period, the 
fish were fed to satiation a mixture of soybean, mustard oil cake, rice bran and wheat 
bran in the form of moist cake thrice a day at 0800, 1200 and 1700 hours. These were 
then acclimatized for two weeks on casein-gelatin based (40% CP) H-440 diet (Halver, 
2002). 
Feeding trial 
Fish of the desired size and number were sorted out from the acclimatized fish lots 
maintained in the wet laboratory. These were stocked in triplicate groups in 70L high-
density polyvinyl circular troughs (water volume 55L) fitted with continuous water flow-
through system. The water exchange rate in each trough was maintained at 1.0-1.5 
L/min. After carefully observing the feeding behavior of the fish and feed intake, they 
were fed six days a week at 5% body weight twice a day at 0900 and 1600 h. The 
feeding trials lasted for sixteen weeks. Initial and weekly body weights were recorded on 
a top loading balance (Precisa 120A; 0.1 mg sensitivity, Oerlikon, AG, Zurich, 
Switzerland). Troughs were siphoned off to remove faecal matter before feeding daily. 
Accumulation of the diet at the bottom of the trough was avoided. Uneaten food was 
siphoned off immediately, dried in a hot air oven and reweighed to measure the amount 
11 
of food consumed. No feed was given on the day of weekly measurement. Troughs were 
scrubbed and disinfected thoroughly with water and KMn04 solution on the day of 
weekly measurement. Mortality, if any, was recorded. At the end of the experimental 
trial, desired number offish were randomly sacrificed and kept in freezer (-20°C) for the 
assessment of body composition. 
Preparation of experimental diets 
For studying the dietary thiamine and pyridoxine requirement of fingerling C. mrigala, 
test diets with graded levels of thiamine and pyridoxine were formulated. The dietary 
range necessary to quantify the thiamine and pyridoxine requirement was adjusted on the 
basis of existing information on other fishes. Calculated quantities of dry ingredients 
were thoroughly stirred in a volume of hot water (80°C) in a steel bowl attached to a 
Hobart electric mixer. Gelatin powder was dissolved separately in a volume of water 
with constant heating and stirring and then transferred to the above mixture. Other dry 
ingredients and oil premix, except carboxymethyl cellulose, were added to the lukewarm 
bowl one by one A'ith constant mixing at 40°C, Carboxymethyl cellulose was added last 
and the speed of the blender was gradually increased as the diet started to harden. The 
final diet with bread dough consistency was cut into cubes, packed in polythene bags and 
stored in a freezer at -20°C until used. 
Proximate analysis 
Assessment of proximate composition of ingredients, diets and body was made using 
standard techniques (AOAC, 1995). All the analyses were based on triplicate samples. 
12 
Moisture 
A known quantity of sample was taken in a pre-weighed crucible and placed in a hot air 
oven at 105±1°C for 24 hours. After complete drying, the sample was cooled at room 
temperature in a desiccator and was reweighed. The loss in weight gave an index of 
water from which its percentage was calculated. 
Ash 
A known quantity of dried powdered sample (2-5 g) was taken in pre-weighed silica 
crucible and incinerated in oven incineration at 650°C using muffle furnace (S. M. 
Scientific Instrument (P) ltd. Jindal Company, India) for 2-4 h or till the sample became 
carbon-free and completely white. The crucible was cooled in desiccators and reweighed 
to estimate the quantity of ash. The result was expressed as percentage on dry weight 
basis. 
Fat 
Crude fat was estimated by continuous soxhlet extraction technique (Socs Plus, SCS 4, 
Pelican equipments, Chennai, India) using petroleum ether (40-60°C B.P.) as solvent. 
Finely powered and dried sample (2-4 g) was placed in fat extraction thimble and placed 
in the soxhlet apparatus. A clean, dry soxhlet receiver flask was weighed and fitted to the 
scxhlet assembly on a boiling water bath for extraction, which was continued for 2-3 
hours. After extraction the flask was removed and kept in hot air oven (lOO^C) to 
evaporate the traces of solvent. It was then transferred to a desiccator, cooled and 
reweighed. The difference between the weight of the flask before and after gave the 
quantity of crude fat extracted from the unknown amount of the sample. The result was 
expressed as percentage on dry weight basis. 
13 
Crude protein 
The estimation was done using Kjeltec Tecator^ ^°°' Foss, Hoeganaes, Sweden. A known 
quantity of sample was taken in Kjeltec digestion tubes. To this, 0.8 g of copper sulphate, 
7.0 g potassium sulphate and 12 ml. of concentrated sulphuric acid were added. The 
content was digested in the digester of the instrument. The process of digestion 
continued for 30 minutes. Now the digested sample was cooled at room temperature and 
titrated automatically in distillation unit of the instrument. The level of protein displayed 
on the screen was noted down. 
Gross energy 
Gross energy was determined on a ballistic bomb calorimeter (Gallenkamp, 
Loughborough, England). Prior to estimate, a known quantity of dried powdered sample 
(0.5-1.0 g) was taken in metallic crucible and compacted carefully to increase the rate of 
combustion at 25 lb oxygen pressure. The heat generated upon combustion was read on 
the modulated galvanometer scale, and converted to energy equivalent, worked out 
earlier using the thermo chemical grade benzoic acid (6.32 kcal/g) as a standard. The 
gross energy was expressed as kcal/g. Energy of ingredients used in the test diet was 
calculated as 5.52, 4.83, 3.83 and 9 kcal/g for casein, gelatin, dextrin and fat, respectively 
as estimated on Gallenkamp ballistic bomb calorimeter. 
Assessment of growth and conversion efficiencies 
Calculations of the growth parameters were made according to the following formulae 
(Wee and Tacon, 1982; Tabachek, 1986; Hardy, 1989; Gunasekera et al., 2000): 
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W -W 
Gain in live weight (%) = ' -xlOQ 
W, 
Specific growtli rate (%) = '"§^'^2 'ogg^i ^ ^QQ 
W2 = Final weight of fish 
Wi = Initial weight of fish 
D = Duration of the feeding trial (days) 
„ , . . Dry weight of feed consumed Feed conversion ratio = 
Wet weight gain 
„ . „„ . . Wet weight gain 
Protein efficiency ratio = Protein consumed {dry weight basis) 
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Statistical analyses 
Responses of fingerling C. mrigala fed graded levels of thiamine and pyridoxine were 
measured by live weight gain per cent, feed conversion ratio (FCR), protein efficiency 
ratio (PER), specific growth rate (SGR) and by analyzing the body composition. These 
response variables were subjected to one-way analysis of variance (ANOVA) (Snedecor 
and Cochran, 1968; Sokal and Rohlf, 1981). To determine significant differences 
(P<0.05) among the treatment means, Duncan's Multiple Range Test (Duncan, 1955) 
was employed. Broken line regression analysis (Robbins et al., 1979) was used to find 
out the optimum level in the growth curve to predict more accurate response to the 
dietary intake. All the statistical analyses were done using Matlab (version 6.5) and SPSS 
(version 13.0). 
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Table 1 Composition of mineral mixture* 
Minerals g/lOOg dry diet 
Calcium phosphate (Dibasic) 13.57 
Calcium lactate 32.69 
Ferric citrate 02.97 
Magnesium sulphate ' 13.20 
Potassium phosphate (Dibasic) 23.98 
Sodium phosphate (Monobasic) 08.72 
Sodium chloride 04.35 
Aluminium chloride.6H20 . 0.015 
Potassium iodide 0.015 
Cuprous chloride 0.010 
Mangnous sulphate. H2O 0.080 
Cobalt chloride.6H20 0.100 
Zinc sulphate 0.300 
^Halver 2002 
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Table 2 Composition of vitamin mixture* 
Vitamins g/lOOg dry diet 
Alpha cellulose 2.000 
Choline chloride 0.500 
Inositol 0.200 
Ascorbic acid 0.100 
Niacin 0.075 
Calcium pantothenate 0.050 
Riboflavin 0.020 
Menadione 0.004 
Pyridoxine HCl 
Thiamine HCl 
Folic acid 0.0015 
Biotin 0.0005 
Alpha tocopherol acetate** 0.040 
Vitamin Bi2*** 0.00001(0.5 ml) 
•Halver 2002 
••Incorporated with oil 
*** (10mg/500mlH2O) 
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Rearing tanks for the rearing of fry 
Acclimatization of Indian major carp fry, Cirrhinus mrigala 
on experimental diet 
Flow-through system used for conducting the feeding trials 
Gallenkamp ballistic bomb calorimeter used for the estimation of 
gross energy 
Pelican equipments Socs Plus used for the estimation of fat 
,2300 Kjeltec Tecator TM used for the estimation of proteins in the 
sample 

ChaBtar 1 
EFFECTS OF DIETARY THIAMINE LEVELS ON GROWTH, 
CONVERSION EFFICIENCIES AND BODY COMPOSITION OF 
FINGERLING MRIGAL, CIRRHINUS MRIGALA (HAMILTON) 
Introduction 
Adequate nutritional practices play a pivotal role in aquaculture to increase the yield 
significantly, ensure product quality, improve the reproductive performances and provide 
immunity, etc. Development of nutritious and cost-effective feed is dependent on 
knowing a species nutritional requirement and meeting those requirements with balanced 
feed formulations and appropriate feeding practices. Nutrient requirements vary with 
factors like fish size, age, temperature, and nutrient balanced in diet etc. (NRC, 1993; 
Jobling, 2001; Halver, 2002). 
Fish require macronutrients like protein, fat and carbohydrate, along with 
micronutrients. Among the micronutrient, vitamins in general, play a very important role 
in many enzymatic and some metabolic reactions. Vitamins are organic substances that 
are essential for growth, health, reproduction and maintenance in animals. Since fish can 
not synthesize vitamins at all or can only synthesize in insufficient quantity for normal 
development, growth and maintenance, they must be supplied in the diet (Marchetti et 
al., 1999; Chattopadhyay et al., 2002; Shiau and Lin, 2006). Vitamin fortification of 
feeds is indispensable to ensure that farmed animals receive an adequate and balanced 
supply of these micronutrients, essential for optimal performance. In many feed 
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ingredients of animal and plant origin, vitamins occur in small and sometimes variable 
quantities. They may not always be completely bioavailable. Vitamin supplementation of 
aquaculture feeds is important as the dietary vitamin requirements offish in general and 
some species in particular are much higher than those of other animals (Halver, 1989; 
Woodward, 1994; De Silva and Anderson, 1995). In fish farming operation, feed 
accounts for about 60-70% of the variable operating costs and 16-20% of the total feed 
cost goes towards supplementation of the vitamins (Pa^cual and Catacutan, 1990; Trino 
et al., 1992; Gaylord et al., 1998). Too much supplementation of vitamins in the diet 
increases the cost of feed unnecessarily and cause hypervitaminosis. Therefore, by 
adding the required amount of vitamins in diet, extra expense can be saved and 
hypervitaminosis avoided. 
Cell metabolism can be modified by many different factors including vitamin and 
one of the most important vitamins is thiamine, vitamin Bl (Hohmann and Meacock, 
1998; Sprenger and Pohl, 1999). Thiamine is a water soluble vitamin that has been 
demonstrated to be an essential dietary nutrient for all animals including aquaculture and 
it is a part of the coenzyme cocarboxylase which participates in the oxidative 
decarboxylation of alpha keto acids, especially pyruvic acid, which stands at the 
crossroads of carbohydrates intermediating metabolism (Jansen, 1954; Martin et al., 
2003). Thiamine pyrophosphate is part of the direct oxidative pathway of glucose 
metabolism occurring in the cytoplasm of cells (Blair et al., 1999; Shangari et al., 2003; 
Lonsdale, 2006) end also involved in transketolation, an important reaction of the 
pentose phosphate pathway, which is necessary to provide pentose phosphate for 
nucleotide synthesis and NADPH for fatty acid synthesis (Rindi, 1996; Shiau and Lin, 
2006). Cowey et al. (1975) used this technique to correlate thiamine.intake with the 
physiological state of trout and marine flatfish. In addition, the requirements for thiamine 
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and the symptoms of thiamine deficiency have been determined in a number of fish 
species such as Japanese eel, Anguilla japonica (Hashimoto et al., 1970); turbot, 
Scopthalmus maximus (Cowey et al., 1975); rainbow trout, Salmo gairdneri (Lehmitz 
and Spannhof, 1977; Morito et al., 1986; Masumoto et al., 1987); carp, Cyprinus carpio 
(Aoe et al., 1969); Baltic salmon, Salmo salar (Amcoff et al., 2002); salmonoids 
(Halver, 2002); channel catfish, Ictalurus punctatus (Murai and Andrews, 1978); shrimp, 
Penaeus japonicus (Deshimaru and Kuroki, 1979); red hybrid tilapia, Orechromis 
mossambicus x O. niloticus (Lim and Leamaster, 1991); grass shrimp, P. monodon 
(Chen et al., 1991) and abalone, Haliotis discus hannai (Zhu and Mai, 2002; Huang et 
al., 2007). 
Indian major carps, namely, catla, Catla cat la, rohu, Labeo rohita and mrigal, 
Cirrhinus mrigala, comprise the major capture/culture fisheries in inland fisheries sector 
of India (Jhingran, 1991). These fishes are fast-growing attaining marketable size of 
800-1000 g in less than a year, and are generally propagated on extensive and/or 
intensive scale in polyculture systems (Jhingran and Pullin, 1988). C, mrigala, a detritus 
eater, forms an important component of polyculture with the other species of major 
carps. 
Although thiamine requirements of several fish species have been quantified, no 
information is available on thiamine requirement ot this fish. Present study was, 
therefore, undertaken to determine the thiamine requirement of fingerling C mrigala. 
Materials and methods 
Preparation of experimental diets 
Vitamin-free casein-gelatin based isonitrogenous (40% crude protein) and isoenergetic 
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(18.35 kJg"' gross energy) diets with seven levels of thiamine (0, 0.5, 1, 2, 4, 8 and 16 
mg/kg) were formulated (Table 1). Levels of thiamine in above diets were taken on the 
basis of the information available on other fishes. The dietary protein level was fixed at 
40% of the diet, reported optimum for the growth of fingerling C. mrigala (Khan, 1991). 
A combination of cod liver oil and corn oil (2:5) was used as a source of lipid. Vitamin 
and mineral premixes were prepared as per Halver (2002). 
Method of preparation of experimental diets has been discussed under general 
methodology section (Page 12). 
Experimental design and feeding trial 
Source of the fish, their acclimation and details of the general experimental design has 
already been discussed under the general methodology section (Page 11-12). 
C. mrigala fingerling (4.65±0.71 cm; 0.64±0.02 g) were taken from the above 
acclimated fish lot and stocked in triplicate groups in 70- L circular polyvinyl troughs 
(water volume 55 L) fitted with a continuous water flow-through (1-1.5 L min"') system 
at the rate of 20 fish per trough for each dietary treatment level. Fish were fed test diets 
in the form of mcist cake at 5% body weight twice dally at 0900 and 1700h. Initial and 
weekly weights were recorded on a top-loading balance (Precisa 120A; 0,1 mg 
sensitivity, Oerlikon AG, Zurich, Switzerland). Fish were deprived of feed on the day 
they were weighed. The feeding trial lasted for 16-weeks. Faecal matter, if any, was 
siphoned off before every feeding. Water quality indices were monitored daily during 
the feeding trial and were recorded following standard methods (APHA, 1992). The 
average water temperature, dissolved oxygen, free carbon dioxide, pH, and total 
alkalinity based on daily measurements, were 26.5-29.3 °C, 6.7-7.1 mg L"', 5.3-9.5 mg L' 
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', 7.1-7.4 and 64.3- 80.6 mg L"', respectively. 
Chemical analysis 
Proximate composition of casein, gelatin, experimental diets, and initial and final body 
was estimated using standard methods as detailed earlier (Page 12-14). Six sub samples 
of a pooled sample of 40 fishes were analyzed for initial body composition. At the end of 
the experiment 8 fishes from each replicate of dietary treatments were pooled separately 
and six subsamples from each pooled replicate were analyzed 'for final body 
composition. 
Statistical analysis 
Statistical analyses of growth data were done using procedures detailed earlier (Page 16). 
Results 
Effects of dietary thiamine levels on growth performance are given in Table 2. Live 
weight gain% (LWG%), specific growth rate (SGR%), feed conversion ratio (FCR) and 
protein efficiency ratio (PER) were found to improve with the increased inclusion of 
thiamine up to 2 mg/kg of the dry diet (D4). Further inclusion of thiamine in the diet 
(D5, D6, D7) did not reflect any significant effect in terms of growth and conversion 
efficiencies. Poorest LWG (484.67%) FCR (3.11), PER (0.8) and SGR (1.58%) were 
observed for fish fed diet without thiamine (Dl). Maximum LWG (704.67%) best FCR 
(1.58), PER (1.58) and SGR (1.86%) were evident for fish fed diet containing 2 mg 
thiamine/kg diet (D4). A survival in the range of 90-100% was recorded in fish fed all 
the test diets. 
In order to generate more precise data on thiamine requirement value for C. 
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mrigala fingerling, all the growth data were subjected to broken-line regression analysis. 
On subjecting the live weight gain data to broken-line regression analysis, a break point 
was evident at 1.9 mg thiamine/kg of the diet (Fig.l). The relationship being; 
Y = 1 1 4 . 5 X + 4 7 5 . 1 ( R M . 9 8 4 ) , Y = 0 . 5 7 0 5 X + 6 8 9 . 6 ( R M . 3 0 8 ) 
The FCR (Y) to dietary concentrations of thiamine (X) relationship was estimated 
by the following broken-line regression equation (Fig. 2). A break point was evident at 
1.84 mg thiamine/kg of the diet. The relationship being; 
Y=-0.7674X+3.044(R^=0.977),Y=-0.002321X+1.645(R^=0.318) 
The PER (Y) to dietary concentrations of thiamine (X) relationship was estimated 
by the following broken-line regression equation (Fig. 3). A break point was obtained at 
1.9 mg thiamine/kg of the diet. The relationship being; 
Y=0.3983X+0.774(R2=0.995), Y=0.002143X+1. 52(R2=0.429) 
The SGR (Y) to dietary concentrations of thiamine (X) relationship was 
estimated by the following broken-line regression equation (Fig. 4). A break point was 
obtained atl .87 mg thiamine/kg of the diet. The relationship being; 
Y=0.1457X+1 .57 (RM.983) , Y=0.00107X+1.84 ( R M . 4 2 9 ) 
On the basis of the above broken-line analysis, maximum live weight gain, best 
FCR, PER and SGR occurred at 1.9, 1.84, 1.9 and 1.87 mg thiamine/kg of the diet, 
respectively. 
Data related to body composition are summarized in Table 3. Body composition 
of C. mrigala fingerling was not significantly (P>0.05) affected by the dietary thiamine 
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levels (Table 3). 
Discussion 
Feed accounts for 40-60% of the production cost in aquaculture (Akiyama et a!., 1992; 
D' Abramo and Sheen, 1996; Marimuthu and Sukumaran, 2001; Cruz-Suarez et al., 
2002; Han et al., 2004; Cortes-Jacinto et al., 2005; Piedecausa et al., 2007) and vitamins 
are one of the most expensive additives to nutritionally complete diets for fish production 
(Gaylord et al., 1998). Vitamins are complex organic compounds required for normal 
metabolism, but t'lat cannot be synthesized by the animals (Halver, 1989; Macrae et al., 
1993; Chew, 1996; Shiau and Lin, 2006). The water-soluble vitamin, thiamine is 
required in small amount in the diet but play a major role in growth, physiology and 
metabolism (Halver, 2002; Martin et al., 2003; Londsale, 2006). Thiamine 
pyrophosphate is an active form of thiamine and it plays an important role in the 
metabolism of carbohydrate, fat and the branched-chain amino acids (Manore, 2000). It 
acts as a coenzyme for transketolase and other enzymatic reactions. 
On the basis of dose-response approach, the essentiality of dietary thiamine for 
normal growth of fmgerling C. mrigala was clearly demonstrated in the present study. 
Live weight gain per cent of C. mrigala was significantly affected by dietary thiamine 
supplementation. It was lowest in C. mrigala fed basal diet (Dl) and increased in fish fed 
diets D2, D3 and D4 containing increasing amounts of thiamine (0.5-2 mg/kg) and then 
leveled off with further supplementation of dietary thiamine. Those fish fed the basal diet 
(Dl) had a lower percentage survival compared with fish fed diets with supplemental 
thiamine. From the broken-line regression analysis of the growth data, the optimum 
thiamine requirement for maximum growth of fingerling C. mrigala was found to be in 
the range of 1.84-1.9 mg/kg of the diet. This requirement obtained is higher to that 
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reported for common carp (Aoe et al., 1969; Halver, 2002) and channel catfish (Murai 
and Andrews, 1978) but is less than the requirements of shrimp (Deshimaru and Kuroki, 
1979); grass shrimp (Chen et al., 1991); salmonoids (Halver, 2002) and juvenile abalone, 
(Zhu et al., 2002). The growth response curves for various species of trout and chinook 
salmon indicate that they require 10-15 mg thiamine/kg of dry diet for maximum weight 
gain (Halver, 1972). However, dietary thiamine requirement of carp (Aoe et al., 1969) 
and channel catfish (Murai and Andrews, 1978) for maximum growth were reported to 
be in the range of 0.5 and I mg/kg diet. A study conducted by Zhu et al. (2002) indicated 
that juvenile abalone require 51 mg/kg of dietary thiamine to satisfy maximum growth. 
The allowance recommended by the NRC (1977) for thiamine in complete diets for 
warmwater herbivorous fish is 20 mg/kg dry diets, and for coldwater fish is 0.15-0.20 
mg/kg fish weight/day (NRC, 1981). 
Thiamine is involved in carbohydrate metabolism (Goldsmith, 1971) and the 
energy derived from the oxidation of glucose is highly dependent upon the availability of 
thiamine pyrophosphate (TPP) (Lonsdale, 2006). The ingestion of carbohydrate 
automatically increases the need for dietary thiamine (Elmadfa et al., 2001; Lonsdale, 
2006). The thiamine requirement of terrestrial animals increased when high carbohydrate 
diets are fed (Goldsmith, 1971). Therefore, one would expect that omnivorous fish such 
as carp and catfish, which readily utilize dietary carbohydrate, to have a higher thiamine 
requirement than the carnivorous salmonoids, which utilize carbohydrate poorly (NRC, 
1973). The lower thiamine requirements in C. mrigala in comparison to the salmonoids 
may be related to the fact that this species have a high thiaminase activity in their tissues 
(Aoe et al., 1969; Hashimoto et al., 1970; Greg and Gnaedinger, 1971). Since salmonoids 
do not contain thiaminase, their thiamine requirement is higher than that of the C. 
mrigala. 
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In the present study, there was no overt deficiency sign except for poor growth 
observed within the 16-weelcs feeding experiment. The fat content of the diet may affect 
not only the caloric intake but also the thiamine requirement because cocarboxylase 
participates in the oxidation of fat through alpha- ketoglutarate. Therefore, fish on a high 
fat diet and low thiamine intake might take longer to develop deficiencies, or, 
conversely, when test diets containing more dietary fat are used to assess the thiamine 
requirement, erroneously low levels of the apparent requirement might be obtained (De 
Long et al., 1958; Williams and Hughes, 1972). An adequate supply of thiamine in the 
diet appears to be necessary for the utilization of the products of glucose catabolism in 
the synthesis of fatty acids in the animal body. Thiamine-sparing action of fat substituted 
in the diet isocalorically for carbohydrate has been demonstrated in dog and rats (Arnold 
and Elvehjem, 1939; Stirne et al., 1939; Banerji and Yudkin, 1942; Evans and 
Lepkovsky, 1929). The administration of thiamine to thiamine-deficient animals resulted 
in a marked increase in body fat, the administration of pantothenic acid plus pyridoxine 
to animal deficient in these fractions of the B complex provoked a very similar response 
(Quackenbush et al., 1942). However, in present study, body composition was not 
significantly (P>0.05) different among the groups containing varying levels of thiamine. 
Similar result was also observed by Zhu et al. (2002) in abalone, H. discus hannai. The 
reason of insignificant differences in body composition is not known but may be species-
dependent. 
Broken-line regression analyses of live weight gain, feed conversion ratio, 
protein efficiency ratio and specific growth rate of fingerling C. mrigala fed diets with 
varying thiamine concentration indicated that the inclusion of dietary thiamine in the 
range of 1.85-1.96 mg/kg diet is optimum for developing thiamine balanced practical 
feeds for mass culiure of this fish. 
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Summary 
A 16-week feeding trial was conducted in twenty one 70-L indoor polyvinyl circular 
troughs (water volume 55L) provided with a water flow-through system (1-1.5 L min'') 
at 28±rC to evaluate the effect of dietary thiamine on growth and body composition of 
fingerling Cirrhinus mrigala (4.65±0.71 cm; 0.64±0.02 g) by feeding vitamin-free 
casein-gelatin based purified diets (40% crude protein; 18.35 kJg'' gross energy) with 
graded levels of thiamine (0, 0.5, 1, 2, 4, 8 and 16 mg/kg of the diet) twice a day at 0900 
and 1700 h at 5% of body weight/day. Live weight gain (704.67%), protein efficiency 
ratio (1.58) and specific growth rate (1.86%) were significantly (P<0.05) higher in fish 
fed diet containing 2 mg thiamine/kg of dry diet (D4). Best feed conversion ratio (1.58) 
was also obtained with the same dietary thiamine level. No significant differences 
(P>0.05) in body composition offish fed diet containing graded levels of thiamine were 
evident. Broken line regression analysis of the live weight gain, feed conversion ratio, 
protein efficiency ratio and specific growth rate indicated that fingerling C. mrigala 
require thiamine in the range of 1.84-1,9 mg/kg of the diet. 
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Table 1 Composition of basal diet 
Ingredients 
Casein''" (vitamin free) 
Gelatin '^^  
Dextrin* 
Corn oil* 
Cod liver oil* 
Mineral mix^ "^'' 
Vitamin mix^ '^^  (Thiamine 
a- Cellulose 
Carboxymethyl cellulose 
Total 
Gross energy (kJg'') 
free) 
Amount 
(g/lOOg dry diet) 
40 
11.13 
30 
5 
2 
4 
3 
1 
5 
100 
18.35 
Proximate analysis of basal diet moisture, 33 56%, ash, 3 89%, crude protein, 40 5%, ether extract, 7 07% Tluamine was 
added to the diets to provide concentrations of 0, 0 5, 1, 2, 4, 8 andl6 mg/kg diet 'Crude Protein (76%), ^Crude Protein 
(97%), "Halver (2002), ''Mineral mixture (glOOg') calcium biphosphate 13 57, calcium lactate 32 69. ferric citrate 02 97, 
magnesium sulphate 13 20, potassium phosphate (dibasic) 23 98, sodium biphosphate 08 72, sodium chloride 04 35, 
aluminium chloride 6H2O 0 0154, potassium iodide 0 015, cuprous chloride 0 010, magnus sulphate H2O 0 080, cobalt 
chloride 6HjO0 100, zinc sulphate 7H2O 0 40, 'Vitamin mixture (Ig vitamin mix +2g oe-cellulose) choline chloride 0 500, 
inositol 0 200, ascorbic acid 0 100, niacin 0 075, calcium pantothenate 0 05, riboflavin 0 02, menadione 0 004, pyridoxine 
hydrochloride 0 005, folic acid 0 0015, biotin 0 0005, alpha-tocopherol 0 04, vitamin B12 0 00001, Loba Chemie, India 
'Calculated on the basis of fuel values 23 08, 20 199, 16 02 and 37 64 Id for casein, gelatin, dextrin, and fat, respectively, as 
esUmated on GaUenkamp ballistic bomb caloiimcter 
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Fig. 2. Broken-line relationship of dietary thiamine levels to feed 
conversion ratio 
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Fig. 3. Broken line relationship of dietary thiamine levels to protein 
efficiency ratio 
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Chapter 2 
EFFECTS OF DIETARY PYRIDOXINE LEVELS ON GROWTH, 
CONVERSION EFFICIENCIES AND BODY COMPOSITION OF 
FINGERLING CIRRHINUS MRICALA (HAMILTON) 
Introduction 
In addition to the growth and health of cultured fish, the quality of the feed can also affect 
the organoleptic quality of meat. Particularly important in this regard is the contribution of 
vitamins and trace elements, which if provided in sufficient quantities, can enhance the 
nutritional value of the animal meat (Lanari et al., 1995*''). Vitamins are a heterogeneous 
group of organic compounds essential for the growth and maintenance of animal life. The 
majority of vitamins are not synthesized by the animal body or at a rate sufficient to meet 
the animal's needs. They are distinct from the major food nutrients like proteins, lipids and 
carbohydrates. These are present in very small quantities within animal and plant feedstuffs 
and are required by the animals in trace amoimts (Halver, 1989; Macrae et al., 1993; Chew, 
1996). Vitamin premixes can account for as much as 15% of total feed ingredient cost, so 
the inclusion of excessive vitamins can be costly (Akiyama et al., 1992). In addition, over-
fortification of certain vitamins like riboflavin, niacin and pyridoxine can result in reduced 
fish growth (Deshimaru and Kuroki, 1979; Catacutan and Cruz, 1989; Conklin, 1997) and 
negatively affect production and profitability for the farmer (Moss et al., 2006). 
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Pyridoxine is an important water-soluble vitamin, functions as a precursor of the 
coenzyme for several enzymatic reactions, including decarboxylation, deamination, 
transamination, desulfuration, transfer of amino acids into cells and neurotransmitter 
function (Dakshinamurti, 1990; Marcus and Coustan, 1996; Huang et al., 2005). Among 
them, the most important is to act as the coenzyme of aminotransferase and decarboxylase in 
the reactions of amino acid and nitrogenous compound (Leklem, 1996; Giri et al., 1997; Mai 
et al., 2007). Furthermore, studies revealed that pyridoxine is involved in the antioxidant 
reaction and the synthesis of DNA and RNA (Trakatellis and Dimitriadou, 1992; 1997) and 
also regulate the gene expression of glucocorticoids hormone and albumin (Allgood and 
Cidlowski, 1991; Natori and Oka, 1997). Due to multiple roles of pyridoxine at various 
metabolic levels, metabolic disturbances relating to pyridoxine have profound effects on 
physiological fiinctions of animals (Chen et al., 2005). In fish, pyridoxine deficiency has 
been associated with poor growth, anorexia, edema, tetany, convulsions and rapid 
postmortem rigor mortis, rapid and gasping breathing, flexing of opercles, epileptiform fits 
and other nervous disorders (Halver, 1989; Huang et al., 2005; Mai et al., 2007). 
Freshwater aquaculture in India is mainly based on Indian major carps {Labeo rohita, 
Catla catla and Cirrhinus mrigala) with an annual production of 1.66 million tonnes and 
exotic carps, which together contribute to over 87% of total aquaculture production of 1.93 
million tonnes (FAO, 2001°). These are the most commercially important fi-eshwater fishes 
in India due to their relatively fast growth rate and consumer preference (Zhang and Reddy, 
1991). C. mrigala, the fish under study, is a promising species for aquaculture exploitation 
with its omnivorous feeding habits, rapid grov^h and good market potential and forms an 
important component of polyculture with the other species of major carps. 
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Although quantitative requirement of pyridoxine has been determined in chinook 
salmon, O. tshawytscha (Halver, 1957); coho salmon, O. kisutch (Coates and Halver, 1958); 
brook trout, Salvelinus fontinalis (Phillips and Livingston, 1965); common carp, Cyprinus 
carpio (Ogino, 1965); Japanese amberjack, Seriola quinquiradiata (Sakaguchi et al., 1969); 
red seabream, Pagrus major (Takeda and Yone, 1971); turbot, Scophthalmus maximus 
(Adron et al., 1978); channel catfish, Ictalurus punctatus (Dupree, 1966; Andrews and 
Murai, 1979); juvenile shrimp, P. japonicus (Deshimaru and Kuroki, 1979); gilthead 
seabream, Sparus auratus (Kissil et al, 1981); red hybrid tilapia, Orechromis mossambicus 
X O. niloticus (Lim et al., 1995); hybrid tilapia, O. niloticus x O. aureus (Shiau and Hsieh, 
1997); stinging catfish, Heteropneustes fossilis (Mohamed, 2001''); barred knife jaw, 
Oplegnathus fasciatus (Yasunorl et al., 2002); grass shrimp, Penaeus monodon (Shiau and 
Wu, 2003); orange-spotted grouper, Epinephelus coioides (Huang et al., 2005) and abalone, 
Haliotis discus hannai (Mai et al., 2007), no information is available on dietary pyridoxine 
requirement of this fish. Therefore, present study was undertaken to determine the 
pyridoxine requirement of fingerling C. mrigala. 
Materials and methods 
Experimental diets 
Vitamin-fi-ee casein-gelatin based isonitrogenous (40% crude protein) and isoenergetic 
(18.35kJg'* gross energy) diets with seven levels of pyridoxine (0, 1, 2, 4, 6, 8 and 10 
mg/kg) were formulated (Table 1). Levels of pyridoxine were taken on the basis of the 
information available on other fishes. The dietary protein level was fixed at 40% of the diet, 
reported optimum for the growth of fingerling C. mrigala (Khan, 1991). A combination of 
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cod liver oil and com oil (2:5) was used as a source of lipid. Vitamin and mineral premixes 
were prepared as per Halver (2002). 
Method of preparation of experimental diets has been discussed under general methodology 
section (Page 12). 
Experimental design and feeding trial 
Source of the fish, their acclimation and details of the general experimental design has 
already been discussed under the general methodology section (Page 11-12). 
C. mrigala fmgerling (4.35±0.05 cm; 0.58±0 03 g) were taken from the above 
acclimated fish lot and stocked in triplicate groups in 70- L circular polyvinyl troughs (water 
volume 55 L) fitted with a continuous water flow-through (1-1.5 L min'^ ) system at the rate 
of 20 fish per trough for each dietary treatment level. Fish were fed test diets in the form of 
moist cake at 5% body weight twice daily at 0900 and 1700h. Initial and weekly weights 
were recorded on a top-loading balance (Precisa 120A; 0.1 mg sensitivity, Oerlikon AG, 
Zurich, Switzerland). Fish were deprived of feed on the day they were weighed. The feeding 
trial lasted for 16-weeks. Faecal matter, if any, was siphoned off before every feeding. 
Water quality indices were monitored daily during the feeding trial and were recorded 
following standard methods (APHA, 1992). The average water temperature, dissolved 
oxygen, free carbon dioxide, pH, and total alkalinity based on daily measurements, were 
26.2-28.1 °C, 6.8-7.2 mg L'', 5.8-9.5 mg L'', 7.1-7.4 and 64.8- 80.4 mg L"', respectively. 
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Chemical analysis 
Proximate composition of casein, gelatin, experimental diets, and initial and final body was 
estimated using standard methods as detailed earlier (12-14). Six sub samples of a pooled 
sample of 40 fishes were analyzed for initial body composition. At the end of the experiment 
8 fishes from each replicate of dietary treatments were pooled separately and six subsamples 
from each pooled replicate were analyzed for final body composition. 
Statistical analysis 
Statistical analyses of growth data were done using procedures detailed earlier (Please see 
page 16). 
Results 
Over the 16-weeks growth trial, significant differences were observed in live weight gain 
(%) of the fingerling C. mrigala fed diets containing different levels of dietary pyridoxine 
(Table 2). Fish receiving 6 mg pyridoxine/kg diet (D5) reflected a maximum live weight 
gain (900.67%), best FCR (1.46), SGR (2.06 %) and PER (1.71) while those fed diets with 
lower pyridoxine levels showed reduced weight gain and efficiency of feed utilization. 
However, fish fed higher levels of pyridoxine did not provide additional growth. Poorest live 
weight gain per cent (558.6), FCR (3.31), lowest SGR (1.68%) and PER (0.76) were 
observed for fish fed diet containing pyridoxine free diet (Dl). A survival was found to be in 
the range of 86-100%. Poor survival of the fish fed pyridoxine free diet (DI) was evident 
(Fig 5). Live weight gain and feed conversion ratio of fish improved (P<0.05) as dietary 
pyridoxine level increased from 0 to 6 mg/kg of the diet whereas at higher levels growth 
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responses were almost constant (P>0.05), indicating that 6 mg pyridoxine/kg diet satisfied 
the requirement and is considered optimum for achieving maximum growth in fingerling C. 
mrigala. 
In order to generate more precise data on pyridoxine requirement for fingerling C. 
mrigala, all the growth data were subjected to broken-line regression analysis. On subjecting 
the live weight gain data to broken-line regression analysis, a break point indicating 
pyridoxine requirement to be at 5.85 mg/kg diet (Fig.l). The relationship being; 
Y = 5 8 . 0 4 X + 5 4 3 ( R M . 9 9 4 ) , Y = 3 . 9 1 X + 8 5 9 . 5 ( R ^ = 1 ) 
The FCR (Y) to dietary concentrations of pyridoxine (X) relationship was estimated 
by the following broken-line regression equation (Fig. 2). A break point was evident at 5.21 
mg pyridoxine/kg diet. The relationship being; 
Y=-0.3082X+3.201(R^=0.969), Y=-0.025X+1.73 (R^=l) 
The PER (Y) to dietary concentrations of pyridoxine (X) relationship was estimated 
by the following broKen-line regression equation (Fig. 3). a break point indicating 
pyridoxine requirement to be at 5.14 mg/kg diet. The relationship being; 
Y=0.1593X+.723(R^=0.992),Y=0.03X+1.39(R^=1) 
The SGR (Y) to dietary concentrations of pyridoxine (X) relationship was estimated 
by the following broken-line regression equation (Fig. 4). A break point was obtained at 
5.71 mg pyridoxine/kg diet. The relationship being; 
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Y=0.06517+1.667(R^=.996),Y=0.00J+2.01(R^=1) 
On the basis of the above broken-line analysis, maximum live weight gain, best 
FCR, PER and SGR occurred at 5.85, 5.21, 5.14 and 5.71 mg pyridoxine/kg diet 
respectively. 
Data related to whole body composition are summarized in Table 3. Dietary 
pyridoxine levels significantly (P<0.05) affected the body composition of fmgerling C. mrigala 
(Table 3). Maximum moisture content was recorded in fish fed basal diet (Dl) without 
supplementation of pyridoxine. However, it significantly decreased for the groups receiving 
diets D2, D3, D4 and D5 with 1, 2, 4 and 6 mg pyridoxine/kg diet and no significant 
difference in moisture content of fish was noted in fish fed diets containing 8 and 10 mg 
pyridoxine/kg diet (D6 and D7). Whole body lipid of fingerling C. mrigala was found to 
increase with the with the increase in dietary pyridoxine incorporation upto 6 mg/kg dry 
diet. C. mrigala fed pyridoxine supplemented diets had a significantly higher (P<0.05) 
whole body protein than the fish fed diet without supplemental pyridoxine (Dl). Body 
protein tended to increase significantly (P<0.05) with increasing dietary pyridoxine up to 6 
mg/kg (D5) of the diet and further supplementation of pyridoxine did not show any 
significant improvement (D6 and D7). Ash content remained unaffected among the fish fed 
various dietary pyridoxine levels. 
Discussion 
Pyridoxine is an essential nutrient of animals, including aquatic animals such as fishes and 
crustaceans. Its major active forms in animals are pyridoxal 5'-phosphate (PLP) and 
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pyridoxamine 5'-phosphate (PMP). The availabi'ity of this vitamin could optimize both 
metabolisms, with positive effects on the levels of growi'^, state of health and composition 
of the muscle tissue of the fish, thereby enhancing their nutritional value (Maranesi et al., 
2005). Phosphorylated pyridoxine forms serve as coenzymes for transaminases that are key 
enzymes in many pathways involving oxidative catabolism and de novo synthesis of amino 
acids (Friedrich, 1988). Pyridoxine supplementation increases the docosahexaenoic acid 
concentration of muscle lipids of rainbow trout (O. mykiss). Some authors reported that, in 
the rat, the availability of pyridoxine influences the activity of some enzymes involved in 
polyimsaturated fatty acid metabolism, as De desaturase and acyl-CoA oxidase (She et al., 
1994; Bordoni et al., 1998; Tsuge et al., 2000). Pyridoxine containing enzymes are involved 
in decarboxylation, oxidation, transamination, desulfliydration, cleavage and the other 
reactions with amino acids (Halver, 1972; Mai et al., 2007). 
Significant differences in growth and conversion efficiency of C. mrigala fed diets 
with variable levels of pyridoxine clearly demonstrates that pyridoxine is required in the diet 
of C. mrigala for normal growth. Based on growth parameters, the optimum dietary level of 
pyridoxine by C. mrigaia for maximum growth was found to be at 6 mg/kg of diet (Table 2). 
The above optimum dietary pyridoxine requirement of C. mrigala is higher than that 
reported for turbot, 1-2.5 mg/kg (Adron et al., 1978); channel catfish, 3 mg/kg (Andrews 
and Murai, 1979); gilthead seabream, 1.97 mg/kg (Kissil et al., 1981) and red hybrid tilapia, 
3 mg/kg (Lim et al., 1995); but lower than the requirement reported for salmonids, 10-15 
mg/kg (Halver, 1972); hybrid tilapia, 15-16.5 mg/kg (Shiau and Hsieh, 1997); abalone, 40 
mg/kg (Mai et al., 2007) and comparable to that of common carp, 5.4 mg/kg (Ogino, 1965); 
red seabream, 5-6 mg/kg (Takeda and Yone, 1971). 
47 
Body composition of fingerling C. mrigala was significantly (P<0.05) affected by 
the dietary pyridoxine levels (Table 3). C. mrigala fed pyridoxine supplemented diets had a 
significantly higher (P<0.05) whole body protein content than the diet without supplemental 
pyridoxine. Similar trend was also observed in whole body protein content of pravm, P. 
japonicus (Gin et al., 1997). Since metabolism of pyridoxine is related to the dietary protein 
or amino acid metabolism in the animal, Hilton (1989) hypothesized that an interaction 
between dietary pyridaxine and protein levels possibly occurred in fish. An increase in 
efficiency of protein utilization with increasing levels of dietary pyridoxine has been 
reported in gilthead seabream fry (Friedrich, 1988; Halver, 1989; Baker and Davies, 1995). 
Body lipid content was also found to be significantly affected by varying dietary 
pyridoxine levels. A continuous and significant increase in lipid was noted with increase in 
dietary pyridoxine from 0-6 mg/kg diet (D1-D5) and ft-lher supplementation of dietary 
pyridoxine did not show significant improvement (D6 and D7). Maranesi et al. (2005) 
reported that docosahexaenoic acid concentration of muscle lipids of rainbow trout, O. 
mykiss increases with the supplementation of dietary pyridoxine. 
Pyridoxine deficiency can result in anorexia, anemia and dark coloration, loss of 
balance, poor growth, and high mortality in fish (Smith et al., 1974, Kissil et al., 1981, 
Herman, 1985, Albrektsen et al., 1993). In the present study, pyridoxine deficiency signs 
appeared among fish fed basal diets after 10-weeks. Fish fed the pyridoxine deficient diet 
showed anorexia, erratic swimming, convulsions and poor growth. These deficiency signs 
were similar to those reported for other species (Kissil et al., 1981; Lim et al., 1995; 
Mohamed, 2001^ Huang et al., 2005; Mai et al., 2007). Andrews and Murai (1979) reported 
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tetany, nervous disorder and blue-green colour occur in pyridoxine-deficient channel catfish. 
Japanese eel showed anorexia and convulsions in 3-4 weeks on a pyridoxine-deficient diet 
(Arai et al., 1972). Anorexia, convulsions, erratic swimming, high mortality, 
hyperirritability, lethargy, muscle spasms, poor feed conversion and growth have been 
reported in red hybrid tilapia fed the diet without pyridoxine supplementation (Lim et al., 
1995). Chen et al. (2005) demonstrated that dietary deficiency of pyridoxine suppresses the 
immune functions in H. discus hannai. Generally, pyridoxine supplementations (40-800 
mg/kg of diet) in abalone diet increased the values of most immime parameters. Some 
pyridoxine deficiency signs have been reported in aquatic animals. 
Broken-line regression analyses of live weight gain, feed conversion ratio, protein 
efficiency ratio and specific growth rate of fmgerling C. mrigala fed diets with varying 
pyridoxine concentration indicated that pyridoxine requirement ranges between 5.14-5.85 
mg/kg. 
SUMMARY 
Optimum dietary pyridoxine requirement of fingerling C. mrigala (4.35±0.05 cm; 0.58±0.03 
g) was determined by feeding seven isonitrogenous (40% CP) and isocaloric (18.35 kJg"', 
gross energy) experimental diets with graded levels of pyridoxine (0, 1, 2, 4, 6, 8 and 10 
mg/kg) for 16-weeks in triplicate groups. Live weight gain (900.67%), SGR (2.06%) and 
PER (1.71) were significantly higher (P<0.05) in fish fed 6 mg/kg pyridoxine in the diet 
(D5). Best FCR (1.46) was also recorded at this level. On the basis of the broken-line 
regression analysis of live weight gain%, FCR, SGR, PER, it is concluded that dietary 
pyridoxine in the range of 5.14-5.85 mg/kg is optimum for maximum growth, efficient feed 
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utilization of 40% CP diet for fingerling C mrigala. Whole body protein was found to 
increase significantly up to 6 mg/kg pyridoxine in the diet beyond which no significant 
difference with respect to increase in dietary pyridoxine was evident. Similarly whole body 
fat was also found to with the dietary pyridoxine levels up co 6 mg/kg (D5). In order to 
obtain more precise information on the effects of feeding diets with different levels of 
pyridoxine, broken line regression analyses of live weight gain%, FCR, SGR and PER was 
performed. On the basis of break-points obtained for live weight gain%, FCR, SGR and 
PER, it is recommended that inclusion of dietary pyridoxine in the range of 5.14-5.85 mg/kg 
of diet is optimum for the culture of fingerling C. mrigala. 
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Table 1 Composition of basal diet 
Ingredients 
Casein'"'' (vitamin free) 
Gelatin '^^  
Dextrin* 
Com oil* 
Cod liver oil* 
Mineral mix''^''' 
Vitamin mix'^ '^^  (Pyridoxine 
a- Cellulose 
Carboxymethyl cellulose 
Total 
Gross energy (kJg'') 
; free) 
Amount 
(g/lOOg dry diet) 
40 
11.13 
30 
5 
2 
4 
3 
1 
5 
100 
18.35 
Proximate analysis of basal diet: moisture, 32.78%; ash, 3.65%; crude protein, 40.05%; ether extract, 7.1%. Pyridoxine was 
added to the diets to provide concentrations of 0, 1, 2, 4, 6, 8 and 10 mg/kg diet. 'Crude Protein (76%); ^Crude Protein 
(97%); "Halver (2002); ^Mineral mixture (glOOg'') calcium biphosphate 13.57; calcium lactate 32.69; ferric citrate 02.97; 
magnesium sulphate 13.20; potassium phosphate (dibasic) 23.98; sodium biphosphate 08.72; sodium chloride 04.35; 
aluminium chloride.eHzO 0.0154; potassium iodide 0.015; cuprous chloride 0 010; magnus sulphate. HjO 0.080; cobalt 
chloride. 6H2O 0.100; zinc sulphate. 7H2O 0.40; Vitamin mixture (Ig vita.nin mix +2g CE-cellulose) choline chloride 
0.500; inositol 0.200; ascorbic acid 0.100; niacin 0.075; calcium pantothenate 0.05; riboflavin 0.02; menadione 0.004; 
thiamine hydrochloride 0.005; folic acid 0.0015; biotin 0.0005; alpha-tocopherol 0.04; vitamin B12 0.00001; Loba Chemie, 
India 'Calculated on the basis of fuel values 23.08, 20.199, 16.02 and 37.64 Id for casein, gelatin, dextrin, and fat, 
respectively, as estimated on Gallenkamp ballistic bomb calorimeter. 
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Fig. 2. Broken-line relationsiiip of dietary pyridoxine levels to feed 
conversion ratio 
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Fig. 3. Broken-line relationship of dietary pyridoxine levels to Protein 
efficiency ratio 
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Fig. 4. Broken-line relationship of dietary pyridoxine levels to specific 
growth rate 
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